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ABSTRACT

Thisarticleprovidesaproof-of-conceptoftheapplicabilityandreusabilityoftheauthorsproposed
framework forwebservicemigration througha traffic jamdetectioncasestudy.The framework
migratesmobilehostedweb servicesbetweenmobilevehiclesusingcontext-aware self-adaptive
mechanism in order to guarantee service availability and quality. A decision-making process is
implementedtoselectthebestdestinationvehiclefrombetweenthefoundpossiblemigrationsbased
onprioritizedcriteriaset.
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1. INTRODUCTION

Mobileservicedevelopmentandprovisioninghavebecomemainfocusesofnowadaysresearches
becauseofthehugeimprovementsinmobiledevicecapabilitiesandthevastavailabilityofwireless
networks.AsinthetraditionalServiceOrientedArchitecture(SOA)(Erl,2005)researches,context-
awareness(Abowdetal.,1999)andself-adaptation(Garlan,Cheng,Huang,Schmerl,&Steenkiste,
2004)havebeenthemainapproachesproposedtoenableandleverageSOAcapabilitiesinmobile
systems(Papakos,Capra,&Rosenblum,2010;Hoang;&Chen,2010;Paspallis,2008;Alkhabbas,
Spalazzese,&Davidsson,2017).

Servicemobilityhasbeenproposedinad-hocnetworkstosupportservicessharingandconsuming
ontheflybetweenmobiledevices(AlShahwan,Carrez,&Moessner,2012;Wagh&Thool,2014;
Zuo&Liu,2015).Aservicecanbemovedtoperformlocation-basedtasks(i.e.,devicetrackingor
searchforsurroundingdevices),toprocessdataonotherdevicesand/ortotemporallyuseresources
ofavailabledevicesinthenetwork(suchasprocessingpowerorsensors).Inordertoenableservice
mobilitybetweenmobiledevices,asharedsemanticunderstandingbetweendevicestoexpressthe
statusof their specificationsand requirements.Additionally, it is required toprovidea semantic
descriptiontodefineservicesspecificationsandproperties.Contextualinformationsuchaslocation,
speed, hosted services, and servicedescriptionmust be semanticallypresented anddynamically
generatedtoprovideareal-timeinformationandstatusoftheparticipatingdevicesandservicesin
thesystem.

Thepossibilityofhavingseveraladaptationplansforaclient’sservicetomoveoverasetof
possibledestinationhostsrequiresadecisionmakingprocess.Thisprocessprovidestheadaptation
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systemwithaselectionmechanismtodecidewheretomigrateitsservicebasedondefinedcriteria
thataffectservicequalityandsystemadaptationindifferentlevels.

In thiswork,wedemonstratea traffic jamdetectionscenario inpeer-to-peernetworkas the
proof-of-concepttotheapplicabilityoftheMobileWebservicemigrationframeworkinKazzazand
Rychlý(2017).TheframeworkisproposedtoenableserviceprovisioningandmigrationinMobile
SOAbyprovidingsystemadaptationtocontextchangesofthemobiledeviceresources.Theprovided
casestudypresentsthereusabilityofthedemonstratedmigrationframeworkbyadoptingatraffic
jamdetectionscenarioandextendingsystemontologyanddecision-makingprocessintroducedin
(Kazzaz&Rychlý,2015).

Thisworkismotivatedbythetrafficjamscenariospresentedin(Riva,Nadeem,Borcea,&Iftode,
2013;Weyns,Malek,&Andersson,2010)wherethemigrationframeworkisinstalledonagroup
ofcooperativecars.Acar𝐴, can plan its route from point 𝑋 to point 𝑌and investigate a traffic jam
possibilityonthisroute.ThetrafficjaminvestigationisperformedthroughmigratingTrafficJamSearch 
serviceofcar𝐴 and running it on another car 𝐵 (i.e., anew service provider) located in the area
ofinterest(AOI)definedbycar𝐴. By calling the migrated service, car 𝐴 will acquire the required
informationinordertoplanabetterroutebyavoidingtrafficjams.

Inthisexample,therearetwocriteriagoverningtheservicemigrationdecisionmakingprocess:

1. SpeedCriteria: representsthespeeddifferencebetweenasubjectcar𝐴 and the destination car
𝐵 , and

2. CenterDistanceCriteria: representsthedistanceofdestinationcar𝐵 from the AOI’s center of
car𝐴.

TheSpeedCriteria promotesthemigrationselectiontodestinationcarwiththespeedclosestto
thespeedof𝐴. While the CenterDistanceCriteria promotestheselectionofserviceTrafficJamSearch 
migrationtothecarclosesttothecenteroftheAOIofcar𝐴.

Whenacar𝐵 is chosen as a new destination for the TrafficJamSearch service,themigration
controlleron𝐴 starts the physical migration process to 𝐵 . Then, 𝐴executes a search process on𝐵 
bycallingTrafficJamSearch to discover thenumberofexistedcarsin𝐴’s AOI in order to detect
atrafficjamonitsplannedroute.ThisworkadoptstheInternetofThings(IoT)approachthrough
dependingonamigratedservicethatislocallyhostedonamobiledeviceinsteadofrelyingonan
externalcloudservice.

Therestofthispaperisorganizedasfollows.Section2discussestherelatedworkoncontext-
awarenessand related implementationon traffic jamdetection.Section3presents theontology-
basedcontextmodelprovidedtodescribeservicesandvehiclespropertiesandpreferences.Section
4demonstratesthemigrationframeworkformobileservicemigrationbetweenvehicles.Section5
providesadetaileddescriptionoftheframeworkimplementation.Section6providesdescriptionof
theexperimentperformedtotestthecontext-awaremobileWebservicemigrationapproachthrough
cooperativevehiclesscenario.Finally,theresearcherspresenttheworkconclusioninSection7.

2. RELATED wORK

Thissectionpresentstherelatedworkutilizingcontextawarenessandself-adaptationtosolvetraffic
jamproblems.Itdiscussesthedifferencesbetweentheseworksandthisone.

In (Feld, & Müller, 2011), the authors demonstrated an automotive ontology-based vehicle
andusermodels tosupportknowledgesharingbetweencarsandtoallowsystemadaptationand
recommendationbasedonuser’spreferences.

Intheworkof(Hu,Li,Ngai,Leung,&Kruchten,2014)context-awarenesshasbeenproposedto
enabletheusageofseveralresourcesofcontextualdatasuchasuser’spersonalactivities,socialdata
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andenvironmentcontext(i.e.,location,temperature).Theauthorsdefinedanontologytodescribea
mobilesmartcitysysteminacrowdsensingscenario.Context-awarenesswasimplementedthrough
contextmonitoringandmatchingofthecollectedcontextdataandprovidingsystemrecommendation
totheuser.

Theauthorsof(Autili,Cortellessa,DiBenedetto,&Inverardi,2015)providedaframeworkfor
adaptivecontext-awaremobileservices.TheydefinedaServiceLevelSpecification(SLS)notionto
describeextra-functionalinformationtobeusedinselectingtheproperserviceduringtheadaptation.
Theadaptationprocessispresentedbyrebuildingservicesourcecodebasedonuserpreferences.
However,theadaptationprocessisstilllimitedbytheneedtostaticallydefinetheadaptableclasses
andtheiralternatives.

Theauthorsin(Dengetal.,2017)proposeapeer-to-peerarchitectureformobileWebservice
selectionandcomposition.Theproposedarchitecturecomposerisresponsiblefordiscoveringthe
serviceshostedonnearbymobiledevicesandcomposingtherequiredservicetorespondtoamobile
userservicerequest.However,theirproposedalgorithmusesonlyserviceresponsetimefactorto
selectthebestservicestoinvolveinthecomposition.Inthecontrast,thiswork’sframeworkallows
touseadynamicsetofservices’anddevices’propertiesandpreferencesinordertofindasetof
possibledestinations.Moreover,theworkauthorsutilizetheAnalyticHierarchyProcess(AHP)(Saaty,
1990)decisionmakingalgorithmwithadynamicsetofcriteriatodeterminethebestmigrationto
perform.However,thisworkproposesservicemigrationasanadaptationsothattheservicecanbe
migratedandhostedontherequestingdevice,notonlytobeusedwhiletherequesterisclosetothe
serviceorigindevice.

BauzaandGozálvez,2013providedafuzzy-logicbasedsystemtodetectroadtrafficcongestion
usingVehicle-to-Vehicle(V2V)communications.Thesystemimplementsamechanismoftwostages
todetectthecongestion.First,itreceivesinformationmessagespublishedbysurroundingcarsto
locallyestimatethepossiblecongestion.Second,ifacongestionissensed,thesystemsharesand
utilizesotherestimationsofsurroundingcarstomakemoreaccurateestimationofthecongestion.

AnothercooperativeawarevehiclecommunicationsystemisproposedintheworkofSanta,
Pereñíguez,Moragón,andSkarmeta,(2014)toprovideinformationabouttrafficstatusandevents.
ACooperativeAwarenessMessage(CAM)andDecentralizedEnvironmentalNotificationMessage
(DENM)areproposedtodescribeexchangedmessagesbetweencarsstatingtheircurrentstatusand
position.WhileCAMisusedforstatusnotificationinone-hopcommunication,DENMmessages
are broadcastedovermulti-hop communication to cover a specific geographic area.A car hosts
servicesthatallowthesystemtoretrieveitspositionandstatustobeusedintraffictrackingand
monitoringapplications.Comparedtotheirwork,thecontributionofthisworkprovidesageneric
contextawareadaptivesystemthatcanbecustomizedandutilizedindifferentscenariosincluding
thetrafficmonitoringsystem.

InordertousethemobileWebservicemigrationframeworkintroducedin(Kazzaz&Rychlý,
2017)inatrafficjamdetectionscenario,wecustomizedandextendedtheontologyprovidedin(Kazzaz
&Rychlý,2015)withnewtrafficjamdomain-specificclassestodescribesystemcomponentsmodels,
properties and relatedcriteriagoverning theAHP-baseddecision-makingalgorithmproposed to
selectthebestmigrationtoperform.Ontheotherhand,weimprovedthedecision-makingalgorithm
withnewweightingapproachduringthedecision-makingprocess.Forexample,whenweighting
thespeedpropertiesbasedonthespeedcriterion,acarwithspeedcloser(bothhigherorlower)to
thesourcecarspeedshouldhavehigherweightandprioritytobeselectedfrombetweenallother
possibledestinationcars.

3. SySTEM COMPONENTS CONTEXT REPRESENTATION

System components, status, attributes, and preferences are contextual information that must be
formallydescribedandunderstoodinordertoenablesystemadaptationandcontextawareness.For
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thispurpose,anontologyisutilizedtosemanticallydescribesystemcomponentsandtheircontextual
information.AsdiscussedinSection2,theresearcherscustomizedtheWebservicemigrationontology
proposedin(Kazzaz&Rychlý,2015)todescribeaservicemigrationbetweendeviceslocatedon
carsinacooperativevehiclescenario.Theontologyenablestheimplementationofcontextreasoner
(forinstance,Jenareasoner)togeneratenewinformation(facts)aboutsystemdevices(cars)basedon
thecollectedcontext.Thenewderivedfactscantriggeracontext-awareprocessandleadtheservice
migration-basedadaptationprocess.InFigure1,agraphicalpresentationdemonstratestheproposed
ontology-basedmodelsupportingservicemigrationincooperativecarsscenario.Themodeldescribes
systemcomponentsofservicesandserviceproviders.AServiceiseitheraFrameworkService ora
MigratableService. AFrameworkService isatypeofservicethatishostedtoenabletheadaptation
process,thecommunicationsbetweensystemcomponentsandpublishingthecontextmodelofits
hostingserviceprovider.Ontheotherhand,aMigratableService isthetypeofservicethatcanbe
migratedfromtheircurrenthostingdevicetoanotherserviceprovider.AserviceproviderSP canbe
definedasaCandidateDestinationServiceProvider foragivenMigratableService S ifSP satisfiesthe
requirementsofS. Similarly,newcontextinformationcanbegeneratedbythereasoningprocessofthe
contextmodel.Forexample,aMigratableService S willbenotedasaCandidateForMigrationService 
ifitscurrentserviceproviderSP isnolongercapabletohostit(i.e.,S).Hence,anewinformation
willbeassignedtoSP asaninstanceofCandidateOriginServiceProvider type.

ComponentpropertiesarepresentedintheontologythroughinstancesoftheProperty class.The
utilizedexampledefinesthefollowingproperties:(1)Speed,(2)CenterDistance,(3)ServicePriority,
and (4) CriteriaProperty. A CriteriaProperty is defined as the criterion that is evaluated in the
decision-makingprocesstochoosethemostsuitableserviceprovidertohostthemigratedservice.
Twocriteriaareconsideredinthisexample,(1)SpeedCriteria,and(2)CenterDistanceCriteria.The
SpeedCriteria isthecriterionthatvaluesthemigrationtothecarthathastheclosestspeedtothe
speedofthesourcecar.WhileCenterDistanceCriteria valuesthemigrationtothecarthatisclosest
tothecenteroftheAOIidentifiedbythesourcecar.

On the other hand, the component context model states the functional and non-functional
preferencesandrulesusingJenaframework(JenaApache,2017).AJenaruleisdescribedasasetof
ResourceDescriptionFramework(RDF)(WorldWideWebConsortium,2014)triplesthatcanderive
newOWL1/RDFentriesinsystemmodel.TheserulescanbereasonedusingApacheJenareasoner
togeneratenewcontextentries.Throughacontinuouscontext-awaremonitoringofsystemcontext,
whenaviolationoftherulesissensed,thesystemlaunchesanadaptationprocessofservicemigration
toanewserviceprovider.Intheexamplescenario,theviolationiscausedbythetrafficinformation
service’sabsencethatrisestheneedtomigrateaTrafficJamSearchservicetoaneighboringcarin
ordertosearchanddiscoverthenumberofsurroundingcarssothatitcanestimatetrafficstatusand
predicttrafficjamsinanAOI.

4. MOBILE MIGRATION FRAMEwORK ARCHITECTURE

Inthissectiontheauthorsdemonstratetheframeworkarchitecturesupportingservicemigrationina
cooperativecarscenario.Forthispurpose,theauthorsconsiderthemigrationforoneserviceormore
tobetemporallymigrated/publishedonanewdestinationcar(i.e.,serviceprovider)thatexistsinan
AOIidentifiedbythesourcecar.Basedonthat,theframework’sControllerofthesourcecarwill
leadboththecontext-awareandadaptationprocesses.Onthefirsthand,thecontext-awareprocess
ispresentedinthesystemthroughthefollowingfunctionalities:

1. DiscoveringcarslocatedintheAOIofsourcecar.
2. Checkingthedestinationserviceprovideravailability.
3. Monitoringthequalityofserviceaftermigrationanddecidingifanothermigrationisrequired.
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Ontheotherhand,systemadaptationispresentedthroughtheabilityofsystemtomigratethe
servicetoanewcarandretrievethenecessaryinformationfromtheserviceafter themigration.
Theprovidedframeworksupportsstatelessservicemigrationandamigrationauthorizationprocess
basedonreal-timeassessmentofdestinationcarruledefinedinitscontextmodel(forexample,the
ruleallowsservicemigrationsonlyfromcarswiththesamecarmanufactureofthedestinationcar).

Figure2demonstrates theproposedframeworkarchitecture.Thearchitectureconsistsof the
followingmodules.

4.1. Discovery Module
TheDiscoveryModuleisresponsibleforacardiscoveryprocessandretrievealistofsurrounding
carslocatedintheAOIofthesourcecar.

4.2. System Context Manager Module
Thismoduleisresponsibleforgenerating,monitoringandreasoningsystemcontextperiodicallyto
enablesystemcontextawareness.Themodulecreatesthesystemcontextmodelcontainingallretrieved
partialcontextmodelsofdiscoveredserviceprovidersandtheMigratableServicemodelintendedfor
migration.Itisalsoresponsibleforgeneratingthepartialmodelsofsystemcomponentsthatdefine
areal-timestatusoftheirpropertiesandstatepreferencerulesofthesubjectMigratableServiceand
thesurroundingcars.

After creating the systemcontextmodelof thediscovered serviceproviders, theController
looks for a destination car that can host MigratableService where the pre-defined rules of both
MigratableServiceandthedestinationcarcanbesatisfied.

Thisprocessisperformedthroughutilizationofanontologyreasoningprocessofsystemcontext
modelsothatnewRDFtriplesofserviceproviderinstancesnotedaspossibleDestinationProvider-s
fortheMigratableServicewillbecreatedinthemodel.Theoutputofthisunitisalistoftripleentries
statingtheMigratableService,thesourcecar,andthepossibledestinationcar.

4.3. Migration Module
Thisunitisresponsibleforselectingthebestmigrationtoperformfromtheinputsetofpossible
migrationsprovidedbytheSystemContextManagerModule.Itisalsoresponsibleforthephysical

Figure 1. System model ontology-based representation
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transferringanddeployingoftheservicepackageonadestinationcarserviceprovider.Themigration
selection is provided through a multi-criteria decision-making process using the AHP decision
makingmethod.Adetaileddescriptionofthedecision-makingprocessisnotedinthepreviouswork
ofKazzazandRychlý(2015).

5. FRAMEwORK IMPLEMENTATION DESCRIPTION

Theframeworkimplementationisprovidedthroughtwoparts,thegroundingframeworkserviceand
theAndroidmobileapplication.TheframeworkserviceisaRestful-basedwebserviceimplemented
usingtheRestletframework(Louvel,Templier,&Boileau,2012).Itisresponsibleforpublishing
thecar/serviceproviderinstanceinthenetworkinordertobediscoveredbyothercars.Theauthors
utilize the light-weight stackWS4D-JMEDS(Zeeb,Moritz,Timmermann,&Golatowski,2010)
designedtosupportserviceanddevicediscoveryinad-hocnetwork.Thediscoveryprocessisenabled
bycreatingandstartingJMEDSdeviceinstanceonthemobiledevice.AnexampleURIrequestto
performadiscoveryprocessondestinationcaris:
http://{IP}:{Port}/FrameworkService/discover/centerLng/
{centerLng}/centerLat/{centerLat}

Theserviceproviderhasthefunctionalitiestoretrievecar’scontextmodel,GPSlocation,speed
(providedbytheGooglelocationserviceonAndroiddevice),andthepositionofitsAOI.Moreover,
itprovidesthefunctionalitiesrequiredforthephysicalmigrationandinstallationofservice’sWAR
packagesonthenewhostdevice.ThecontextmodelofaMigratableServiceisintegratedinitsWADL
filewhilethecontextmodelofeachserviceprovidercanberetrievedbycallingtheFrameworkService
methodgetProviderContextthroughthefollowingURI:
http://{IP}:{Port}/FrameworkService/getProviderContext/json

TheservicemigrationAndroidapplicationisresponsibleforthefollowingtasks:

1. Discoveryprocessofcarslocatedinadefinedareaofinterest.
2. Generatingsystemcontextmodelbyaddingthecontextmodelsofdiscoveredcars.
3. Systemcontextmodelreasoningandmigrationsuggestionprocess.
4. Performingthemigrationdecisionmakingprocess.
5. PublishingTrafficJamSearchserviceontheselecteddestinationcarserviceprovider.
6. CallingTrafficJamSearchservicetoretrievetheinformationoftrafficstatusinthedefinedarea.

Figure 2. Mobile Web service migration framework architecture
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ThecontextmodelofacarisretrievedinJSONformatbycallingthegetProviderContextmethod
ofitsframeworkservice.BasedonitsIP,acarisidentifiedinthenetwork,anditscontextmodelcan
beretrievedinordertocreatesystemcontextmodelasexplainedinSection4.2.

Whencar𝐴 launches the traffic jam detection process over a certain area on its route, it starts
searchingforacarinthatareatohostitsTrafficJamSearch service.Whenacar𝑋 is discovered,
thesourcecar𝐴’s framework application requests the location and speed information of car 𝑋 to
determinewhetherthediscoveredcar𝑋 exists in its AOI or not based on the distance between the car
𝑋 location and car 𝐴’s AOI center. Only cars located in that area will be considered in the migration
processsothattheframeworkwillrequestitscontextmodeltoincludetheirpropertiesandpreferences
inthemodelreasoningprocess.

Theframeworkapplicationcalculatesthedistanceofeachdiscoveredcarfromthecenterofthe
AOIofcar𝐴 and adds it to the system model as a CenterDistance propertyoftherelatedcar.The
calculationofCenterDistance uses thepreciselocationofdiscoveredcarandtheAOIcenterlocation
ofthesourcecar.Similarly,themostrecentspeedvaluesofdiscoveredcarsareaddedtothesystem
modelasSpeedproperties.Theauthorschoosetoconsideraveragespeed(estimatedduringthelast
60seconds)andpreciselocationvaluesto1)keepthedecisionmakingmorereliableandrealistic
and2)toavoidsystemfailureofservicemigrationtoacarwithanoutdatedlocation.

Finally, the AHP algorithm starts to weight the migrations based on two criteria: (1)
CenterDistanceCriteria; and(2)SpeedCriteria, so thatthemigrationwiththedestinationcarcloser
tothecenteroftheAOIwillhaveahigherweighttobechosenbythedecision-makingprocess.
Similarly,thecarwithaspeedthatisequaloraround𝐴’s speed will be more highly chosen as a
destinationcar.Finally,thedecision-makingprocesschoosesthebestdestinationwiththehighest
compositeweightcalculatedbasedontheaforementionedcriteria.

The physical migration of the subject MigratableService is provided through calling the
FrameworkService methodsthatenablesendinganddeployingtheMigratableService WAR package
onthematchingdestinationcar.TheController callsthefollowingURItoperformthemigrationof
MigratableService’s implementationfromsourcetodestination:
http://{destination.IP}:{destination.Port}/FrameworkService/
download/{source.IP}/port/{source.Port}/temp/{source.TempFolder}/
service/{MigratableServiceWAR}

6. EXPERIMENT AND RESULTS

Thissectionpresentsascenariooftrafficjamdetectionservicemigrationfromonecartoanother
inorder toperforma car discoveryprocess and avoid traffic jamsover a specific route. In this
experiment,theauthorsuse3Genymotion Androidemulatorsandonerealmobiledeviceasservice
providers.Eachdevicerepresentsacaronaplannedrouteofasinglelanewherecarsgofrompoint
AtopointB.Speedsoftheemulatordevicesaremockedtohaverandomvaluesbetween10to40
km/hwhileafixedspeedissetto20km/hforthesourcecar.Topresentthepossibilityofsetting
rulesformigrationprocess,theauthorssetaruleforCar3tonotacceptserviceswithapriorityless
than70%.Thesubjectmigratableservice,TrafficJamSearch, hasaprioritypropertyof50%.

Theresearchersinitializethelocationsofthesecarswith100metersdistancebetweenthem
consequently.Figure3demonstratestheinterfacevisualizingtherouteandtheAOIofthesubject
car,Car1,ismarkedasaredcircle.Eachcarispresentedinabluemarkerwhenlocatedinsidethe
AOIofCar1.

OnCar1,theframeworkstartssearchingforothercarslocatedinitsAOIlookingforasuitable
destination car tohost its search service so that it can callTrafficJamSearch serviceon its new
locationandcangetfeedbackaboutthestatusoftrafficinthatarea.Theareaofinterest,issettobe
200metersaheadfromCar1withadiameterof100meters.
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AtfirsttheframeworkonCar1,startssearchingforneighboringcars.Whenacarisfound,The
Car1frameworkrequeststheFrameworkServicehostedonthediscoveredcartogetitscurrentlocation
andcheckwhetherthediscoveredcarislocatedinsideCar1’sAOItoconsiderinthemigrationprocess
ornot.Afterhavingalistofdiscoveredcars,Car1frameworkstartstocreatesystemcontextmodel
ofthediscoveredcarsandthesubjectTrafficJamSearchcontextmodels.

InFigure5,thediscoveredcarsarepresentedwiththeirdistancesfromthecenterofCar1AOI.
Todemonstratethedecision-makingprocess,theauthorschoosethesituationwhenthethreecarsare
locatedinsideCar1’sAOI.Table1containstheSpeedandCenterDistancepropertiesofthecarsduring
theexample’smigrationdecision.Atthismoment,theframeworksuggeststwopossiblemigrationof

Figure 3. Application interface showing the planned route and surrounding cars during the experiment example

Table 1. Cars properties during migration example

Car Name CenterDistance (m) Speed (km/h)

Car1 Notapplicable 20

Car2 41.54 18

Car3 17.5 30

Car4 12.34 24
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thesubjectservice.Mig AandMig B, Mig AsuggeststhemigrationoftheTrafficJamSearchtoCar2
whileMig BsuggeststhemigrationtoCar4.EventhoughCar3islocatedinsidethespecifiedarea
butitisnotchosenasadestinationtohosttheserviceregardingtoCar3’spreferencethatallowsitto
hostonlyserviceswithprioritieshigherthat70%whiletheTrafficJamSearchhasapriorityof50%.

Thenextstepfor theframeworktoperformis todecidewhichoneof thismigration isbest
toexecute.ThisisdecidedbasedontheAHPprocessusingthedefinedcriteriaprioritiesandthe
relatedpropertiesofthemigrationdestinations.ToenabletheAHPdecisionmakingmethod,the
definedcriteriaprioritiesmust∈{1, 3, 5, 7, 9}whichgivesweighttoacriterionrespectivelyfrom
thelowestpriorityof1tothehighestpriorityof9.Forthisexperiment,thepriorityofSpeedCriteria
andCenterDistanceCriteriaissetto9and3respectively.

Inrespectofthecriteriaproiorties,thecriteriacomparisonmatrix𝐴 is initiated using the AHP-
basedInitializeCriteriaMatrix algorithm,(seeFigure4),introducedinthepreviouswork(Kazzaz
&Rychlý,2015).𝐴 is a square matrix of real numbers with a dimensions 𝑚 ×𝑚 , where 𝑚 is the
numberofconsideredcriteria.Each𝐴’s entry states the weight of the considered criterion to other
criteriabasedontheirpriorities.Toset𝐴 entries, the InitializeCriteriaMatrix algorithmperforms
pair-wiseevaluationbetweeneachtwocriteriaandmapsthedifferencebetweentheirCriteriaPriority 
values toavalue∈{1,3,5, 7, 9} or itsreciprocal.Thecriteriacomparisonmatrixgeneratedby
InitializeCriteriaMatrix is demonstratedinTable2.Accordingtothedefinedcriteriapriorities,the
criteriacomparisonmatrixentriesshowthatservicemigrationtoacarD1withaspeedclosertothe
speedofthesourcecaris7timesimportantthanservicemigrationtoacarD2locatedclosertothe
interestareacenterofthesourcecarthancarD1.

Similarly,theAHPalgorithminitiatesforeachcriterionapair-wisemigrationweightcomparison
matrix with dimensions 𝑛 × 𝑛 , where 𝑛  is the number of the possible migrations, based on the
migration properties related to that criterion. The CenterDistance property is governed by the
CenterDistanceCriteria. The CenterDistanceCriteria and CenterDistance are proportionalsothatthe
CenterDistance propertywillhavethehighestweightof50whenequalsto0meter(i.e.,locatedin
themiddleofAOI)whileitwillhavethelowestweightwhenitequalsto50meters(i.e.,locatedon
theboundaryofAOI).Ontheotherhand,SpeedpropertyisgovernedbytheSpeedCriteria which is
dynamicallycalculatedbythealgorithmbasedonthecurrentspeedsofcarsexistedintheAOI.For
eachmigrationthealgorithmqueriesthesystemcontextmodelforthecurrentcarsspeeds.Later,the
algorithmevaluatestheweightsofeachcar’sSpeedpropertybasedonthespeedofthesourcecar
sothatthecarthathasspeedslightlydifferentandclosertothespeedofsourcecarwillhavehigher
weighttobechosenasadestinationcar.Onthecontrary,thecarwithaspeedthatsignificantlydiffers
fromthesourcecar’sspeedwillhavelowerweightandwillbelesslikelytobechosenasadestination
carbasedontheSpeedCriteria factor.ThemigrationcomparisonmatricesareprovidedinTable3.

Finally,theAHPalgorithmcomputesthecompositeweightvector𝑝 through Equation 1 and the
migrationrelatedtothehighestvaluefrombetween𝑝 entries will be chosen and executed.

p V W = i  (1)
where𝑉 is the 𝑛 ×𝑚 matrix ofpriorityvectorsofmigrationcomparisonmatricesand𝑊 is the weight
vectorofmatrixA.ThecomputedweightsofthepossiblemigrationsarenotedinEquation2.

p =












0 677

0 323

.

.
 (2)

where p
11

and p
21

entriesrepresenttheweightsofMigA andMigB respectively.Basedonthe
highestvalueofcompositeweightvector  p ,Mig A willbeperformedasithasthehighestpriority
( p

11
=0.677).
Thisexperimentisrepeated10timesinordertomeasurethetimespenttoperformthemigration

processanditssubprocesses.Theexperimentshowsthattheaveragetimeforthewholemigration
processis7.5Secwhiletheaveragetimetocreatesystemcontextmodelandperformtheontology
inferencingprocessis4.136SecandthetimetomakethedecisionusingtheAHPalgorithmis0.251
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Sec.Basedontheexperimentsettings,theauthorsseethattherequiredmigrationtimeisacceptable
asthesourcecar,movingwithaspeedof20km/h,willcrossalmost40metersonlywhileperforming
themigration.Thisleavesthecar160metersawayfromitsAOIwhichmeansitwillhaveenough
distancefortheroutingsystemtocalltheTrafficJamSearchserviceandre-plantherouteifnecessary.

Theresultshowsthevalidityoftheproposedapproachtosolveaproblemoftrafficinformation
service absence in a real-time application through a seamless context-aware service migration
adaptation.

7. CONCLUSION

TheauthorsdesignedandimplementedaframeworkforTrafficJamSearchservicemigrationbetween
carstosupporttrafficjamdetectionoveraspecifiedarea.Theexperimentresultdemonstratesthe
usability of the implemented framework supporting service mobility between mobile devices.

Figure 4. The InitializeCriteriaMatrix algorithm to compute a pair-wise criteria comparison matrix for AHP based on Criteria 
priorities of individual criteria

Table 2. Main criteria comparison matrix and its priority vector

𝜆𝑚 𝑎𝑥 =2,𝐶𝐼 =0; 𝐶𝑅 = 0

CenterDistanceCriteria SpeedCriteria Priority vector - 𝑊 

CenterDistanceCriteria 1.0 0.14 0.125

SpeedCriteria 7.0 1.0 0.875
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Moreover, itpresents theapplicabilityof theproposed servicemigrationadaptationapproach to
surviveserviceabsenceduringrouteplanningasreal-lifescenario.

Forfuturework,theresearchersplantoimprovetheproposedadaptationapproachduetothe
highlyvolatilesystemenvironmentandmigrationcriteriabyperformingmultiplemigrationstoall
discoveredcarswithpost-evaluationofthosemigrations.Whichmeansthatthesubjectservicewillbe
migrateddirectlytoanydiscoveredcarwherethematchingandreasoningprocesswillbeperformed
locallyonthediscoveredcar.Thisdelegationofthisreasoningprocesstothediscoveredcarwillhelp
toimprovesystemperformance.Thus,thesourcecarcanstartusingamigratedserviceandlater
decidewhichoneandonlyofitsmigratedinstancesistheoptimalchoicetokeepandutilizewhile
allotherserviceinstanceswillberemoved.Anotherconsideredimprovementistooptimizethespeed
estimatorandthedefinedAOI’sdiameterthroughnewexperimentsformorereliableexperience.
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Table 3. Migrations comparison matrices and priority vectors

MigrationComparisonMatrixwithregardtoCenterDistanceCriteria

»
max
= 2 ,𝐶𝐼 =0, 𝐶𝑅 = 0

Mig A Mig B Priorityvector–V
1( )

Mig A 1.0 0.2 0.166

Mig B 5.0 1.0 0.833

MigrationComparisonMatrixwithregardtoSpeedCriteria

»
max
= 2 ,𝐶𝐼 =0, 𝐶𝑅 = 0

Mig A Mig B Priorityvector–V
2( )

Mig A 1.0 3.0 0.75

Mig B 0.33 1.0 0.25
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Figure 5. Mobile Web service migration framework application
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